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Abstract 
Airport locations are increasingly the place of non-aeronautical activities. This is driven by airport operators seeking non-
aeronautical revenues and real estate investors attempting to profit from major airports as high value locations. The resulting 
higher densities lead to more travel to and from the location. Travellers induced by non-aeronautical activity are likely to 
behave different than those induced by aeronautical activity. Consequently, there are potentially not only more, but also more 
public transport prone travellers. This can improve the viability of operating high quality public transport services. However, as 
demand of the different traveller groups is likely distributed differently, it also needs to be studied whether the superimposed 
demand affects the peaking behaviour of travel demand in a beneficial, balancing, or negative, exacerbating, way.  
For the analysis, an iterative reduction procedure is proposed that begins with a network of highest quality services. 
Considering demand elasticity and minimum loads to viably operate a service, network elements are degraded and demand is 
recalculated iteratively until only viable services remain. This procedure is applied to a case study of Zurich, where large scale 
commercial activities and a public transport hub are located at the airport. It was found that the non-aeronautical development 
already contributes decisively to public transport use and without it, severe service reductions might be necessary. Furthermore, 
the compound demand distribution is more even than that of the individual traveller groups, resulting in a landside transport hub 
that can be operated more efficiently than facilities in conventional locations. Future growth of the airport location will increase 
this effect and further service expansions may become an attractive option.  
It is concluded that the high connectivity of airport locations is an opportunity to drive development patterns conducive to 
public transport use. In addition, airports can be efficient locations for transfer centres as there, if their locations are suitable, 
sustained high demand with less variation throughout a day allows for a better utilisation of services and facilities.  
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1. Introduction 
There is an ongoing growth of commercial and business developments that are not directly or not at all induced 
by the aviation activity at airport locations, referred to as airport cities. Drivers of this development are airport 
operators striving to become less dependent on aeronautical revenue (Graham, 2009) and real estate developers, 
both attempting to profit from the high value and well-accessible location of major airports. As such activity 
centres continue to grow, urban-like patterns emerge (Kasarda and Lindsay, 2011) and they become central 
locations for the region around the airport, and, consequently, focal locations for transport demand in the airport 
region. At the same time, the situation of providing public transport services at airport locations is oftentimes a 
difficult one (Coogan, 2008). Even though many airports and planning authorities include higher ground access 
public transport shares in their strategies, mode shares and utilisation are oftentimes low.  
In this light, the development of airport cities may bring about improvements to the prospect of operating public 
transport services at airports through beneficial changes in ridership volume and distribution: A study by Orth et. 
al. (2015) showed that the additional travellers significantly increase passenger loads. Furthermore, the non-
aeronautically induced travel occurs at conventional commuting time periods, when aeronautically induced travel 
is low. The resulting situation is therefore seems to be one with markedly higher overall public transport passenger 
numbers and less demand variation throughout the day. This can improve the viability of offering such services 
since only with sufficiently high utilization can public transport networks be operated efficiently (Lee and Vuchic, 
2005).  
The goal of this research is to study this in further detail and determine whether the development is beneficial or 
detrimental to the prospect of operating public transport services at airport locations and if there is a potential 
additional gain for trips not only to and from the airport location. For the analysis, a procedure is developed that 
identifies services that can be viably operated to the airport location considering the number, distribution and mode 
choice of public transport passengers. This procedure is then applied to the Zurich, Switzerland, case study in order 
to analyse the impacts of non-aeronautical development at the airport location on the public transport access 
system. 
The following section of briefly reviews the relevant literature in airport city planning, airport access planning 
and the operation of public transport services. Section 3 describes the research question and the method. Section 4 
introduces the case study and shows the analysis and findings. Section 5 concludes the work, including a 
discussion.  
2. Literature Review 
The concept of the Airport City as a commercial centre at the airport location is discussed in detail in Freathy 
(2004) and Güller and Güller (2003). As profit margins of the aeronautical activities are in decline, if not even 
absent, airport operators seek revenue outside of their classical business (Graham, 2009). Part of these strategies 
are large scale commercial developments at the airport location. Driven also by other investors attempting to profit 
from the airport locations, the results can be as striking as in Amsterdam, where floor space at the airport has 
become more expensive than downtown (Schaafsma, 2003). A wider impact of such developments, where airports 
act as catalyst for a whole region, is addressed by Kasarda and Lindsay (2011) who coined the term Aerotropolis.  
The airport access literature focuses on passengers and, to a smaller extent, employees. Especially major 
airports are interested in elevating the share of passengers using public transport in airport access and egress. A 
review of practices and lessons for this goal can be found Leigh Fisher Associates et. al. (2002) and Coogan 
(2008). More in-depth studies of airport access mode choice behaviour are the subject of e.g. Budd et. al. (2014), 
Humphreys and Ison (2005), as well as Gosling (2008) for a review of airport access mode choice models. 
Gelhausen et at.(2008) extends the problem with the inclusion of airport choice. Commonly used methods for 
mode choice are multinomial logit (MNL) and nested logit (NL) models. Despite potential shortcomings of MNL 
models when alternatives are similar, as discussed by e.g. Ben-Akiva (1985), the complexity of airport access 
mode choice oftentimes permits sensible use of MNL models as done by e.g. Hansen and Monteiro (1996), Hess 
(2010) and Tam et. al. (2008).  
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Reasons for desiring higher public transport mode shares at airport locations are road congestion and 
consequent travel time reliability issues, but increasingly also sustainability goals (Humphreys and Ison, 2005, 
Miyoshi and Mason, 2013, Wong and Baker, 2013). In some cases, this has led to mode share targets becoming 
part of governmental strategies for airport development as in Department for Transport (2003) or even 
preconditions for expansion projects (Swiss Federal Department of the Environment, Transport, Energy and 
Communications, 2005). 
Looking at the functional integration of airports and public transport systems, high speed rail has seen the most 
attention (see e.g. Clewlow et. al., 2012, Gelhausen et. al., 2008, López-Pita and Robusté, 2004 or Janic, 2011). 
The literature on the interactions between airport city developments and urban and regional public transport 
systems is, however, less abundant, the few exceptions being planning documents as Federal Office of Civil 
Aviation FOCA (2013) or Manchester Airports Group (2007) and Orth et. al. (2015) who introduce a wider 
perspective. When considering this question, it is important to consider the role of transport in steering and 
attracting development and the effects this has for transport service providers and land developers (Phang, 2003). 
A thorough treatise on public transport planning may be found in Vuchic (2007), where performance indicators 
and mode, frequency and service type selection are discussed. Within the realm of public transport, the selection of 
service type is critical as capacities, speeds and reliability levels of different modes and their respective investment 
and operation costs need to match demand (Hass-Klau, 2003; Schiller et. al., 2010). The first work dealing with the 
resulting network design problem is Patz (1925) and there is continued research that leads up to the planning of 
individual services and the according resource allocation. For example, Farahani et al. (2013) and Guihaire and 
Hao (2008) provide a review of such research. They classify the network design problem into route design, 
frequency setting, timetabling, vehicle scheduling and crew scheduling as sub-problems. Common solution 
methods for these problems are mathematical optimisation as proposed by Magnanti and Wong (1984), heuristic 
approaches as in Baaj and Mahmassani (1991), and evolutionary algorithms, i.e. neural or genetic algorithms, as in 
Fan and Machemehl (2006). In addition, there are hybrid methods that combine two or more solution methods. 
Recognising that service changes lead to demand reactions, procedures have been developed to consider demand 
elasticity. Gallo et al. (2011) provide a review of methods to deal with this. Oftentimes, the solution methods 
employed such cases are iterative ones, for example as in Lee and Vuchic (2005).  
In conclusion, the topic of airport ground access remains one with heightened research interest and the 
development of airport cities raises new questions, especially when considering regional and urban access to the 
airport. While the methodology for such studies is largely established, few such studies have been undertaken to 
this point. This is the area where this work can provide new insights.  
3. Study objective and method 
The goal of this research is to determine whether increased non-aeronautical activity at an airport location leads 
to a situation that can be better served with public transport. For this purpose, travel demand is differentiated as 
aeronautically induced (AI) and non-aeronautically induced (NAI). It is important to note that, different than in the 
airport management literature, the non-aeronautical demand only includes demand that is not at all linked to the 
aeronautical activity, so e.g. a duty-free shop´s employee trips would be AI for this purpose.  
If the total demand increases and/or evens out sufficiently, more services can be operated directly due to higher 
overall passenger loads, which also help improve cost recovery. Considering the strategic time frame, the design 
process may occur without regard for an existing network. Instead, services can be offered between any two 
locations as the infrastructure shall be available or can be provided in time. Further limitations are major 
geographical barriers, e.g. mountain ranges or large bodies of water. The analysis is intended to answer the 
following questions about the effects of the additional NAI activity in particular: 
 
1. Demand volume: 
1.1. How much higher is the total demand and what share of it can be captured by public transport when large 
scale NAI activity is present? 
1.2. Is the number of public transport passengers per corridor high for new services to be offered? 
2. Demand distribution 
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2.1. How is the daily demand distribution affected? 
2.2. Can cost recovery for public transport services be improved?  
 
The analysis is conducted at the case study of Zurich, Switzerland, for the current situation with and without the 
NAI activity being present. A more detailed overview of the case study can be found in section 4. The study is 
based on 2012 data and 2030 forecasts and considers daily and hourly demand. Following assumptions are made: 
x Only the public transport system is varied while competing access mode characteristics remain unchanged. 
x Travellers can be separated into groups with homogenous behaviour regarding temporal and spatial distribution 
of demand and mode choice. 
x If no direct public transport services are viable, the (existing) connecting service is available.  
x A basic service can be available regardless of utilisation. This considers the dense regional bus network in 
Switzerland that provides essential service to even very small communities.  
 
A procedure is developed that iteratively designs a public transport network and evaluates the viability of 
operating services, considering the captured demand and resulting service utilisation. The outlined objectives of the 
study and analyses to be undertaken necessitate a procedure that considers the following properties: 
 
1. There are ܰ nodes that need to be connected to the airport. 
2. There are ܯ modes of transport available 
3. Between any node, any mode can form a link, subject to following conditions 
3.1. the mode is available at both nodes 
3.2. the minimum utilisation for that mode to achieve a threshold utilisation is present 
3.3. the link does not violate any barriers 
4. Demand is elastic and thus, passenger numbers per link are subject to the attractiveness of the service 
delivered. Therefore, mode choice between public transport and competing modes needs to be incorporated, 
considering:  
4.1. changes in travel time 
4.2. changes in the number of transfers 
Fares remain unchanged because for the study case of Switzerland, there is no price differentiation between 
modes and service levels of public transport. Subsequent integration of cost and other influences is possible 
within the model structure, however. 
5. Demand is not distributed uniformly over time, but in time intervals with different shares of the daily demand.  
 
Because of the many-to-one nature of this problem, most approaches considered in the transit route design 
literature seem inefficient as most non-airport to non-airport links are expected to be obsolete and should therefore 
not be considered in the calculations. A heuristic method is selected for this problem. The available modes of 
transport are categorised hierarchically as in the theoretical planning and development process described in Vuchic 
(2007). A reduction procedure is chosen that begins with a network of lowest travel-time links (i.e. highest ranking 
mode of transport) that will be iteratively subjected to demand estimation, utilisation evaluation and, if demand is 
insufficient, service degradation, until demand is sufficient for the given mode to be operated or the lowest rank 
mode is reached. The cost function of a wide range of transport modes is complex to describe cohesively as there 
are many factors that apply in varying degrees for different modes, especially when considering longer time frames 
and possible infrastructure investments. However, capacity and service quality of a transport mode are very 
proportional to the cost of providing it as explained by e.g. Vuchic (2007) and cost recovery is to a large part a 
function of service utilisation, i.e. demand. Therefore, the viability of a given mode on a given link is made subject 
to reaching a minimum utilisation. For demand elasticity to be accounted for, a mode choice estimation needs to be 
conducted after every step. The input data consists of:  
 
x The location of all demand origins/destinations ܰ and current access trip travel times. In accordance with the 
demand data, these are statistical communities. The list is ordered by distance from ݊଴ as this allows for a 
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procedure that considers individual nodes by increasing distance and prevents recalculating of travel times for 
nodes that have already been considered. 
x An O/D matrix of demand, differentiated by traveller group. As this is a many-to-one problem, the matrix 
collapses into a vector of demand per destination for each traveller group 
x The temporal distribution of each traveller group`s travel over the reference day 
x Mode choice models for each traveller group and the characteristics of the competing modes of transport 
(automobile for all groups, taxi for air passenger trips and bike/walk for employees) 
x A ranked inventory of the modes of transport available ܯ, with characteristics regarding travel speed, frequency 
and their availability at a given location 
x A set of barriers (e.g. mountains ranges or large lakes) 
Fig. 1. Model Outline 
This leads to the procedure that can, in brief, be described as follows and is outlined in Fig. 1:  
 
1. Initial Network: Construct a network of only direct links from all locations to the node ݊଴  (in this case, the 
airport), using the mode with the fastest travel time for that direct trip. ݐ௧ǡ௡, the travel time from node ݊ is 
estimated considering ݐ௔ǡ௠, access time for mode ݉, ݐ௙ǡ௠ service frequency of mode ݉, ݀௡  distance of the 
location ݊ to ݊଴ and service speed of mode ݉, ݒ௠: 
 ݐ௧ǡ௡ ൌ ݐ௔ǡ௠ ൅ ௧೑ǡ೘ଶ ൅ ሺ
ௗ೙
௩೙ሻ (1) 
 Using half the frequency of a service as waiting time is based on the concept that travel desires may occur at 
any point of time within an hour and, considering this, half the frequency will be the resulting average waiting 
time. In this way, effective travel time is considered including access time and as a result of when travel desires 
occur, not when passenger arrive at the departure platforms. This assumption is valid for the case study because 
the Swiss timetabling concept follows a strict pattern that is repeated hourly. If it is assumed that desired 
departure times may occur not randomly, but more adapted to actual departure times, this becomes a 
conservative assumption (see e.g. Weidmann, Lüthi, and Nash, 2007) especially for longer distance trips. For 
further travel time calculations, the same concept as shown in equation (1) is used. 
2. Removal of non-permitted links: For all links, it is checked whether they violate the pre-specified barriers 
and whether the mode that has been selected for this link is available at both end points. 
3. Reconnection of isolated nodes: For all nodes that were isolated in step 2, travel times are recalculated and the 
faster trip is chosen out of: 
3.1. A direct trip by a lower ranked mode that is available 
3.2. A connection to a node that has retained a link to ݊଴. Only transfers are permitted that “upgrade” the travel 
mode, e.g. from regional bus to long-distance rail. The timetabling system for all public transport services in 
Initial network
for each link/mode: is 
mode/link permitted?
remove link
corridor consolidation: 
addtional via-node 
acceptable?
reconnect link to via-
node
has a change been made 
in this iteration?
mode choice and 
passenger 
assignment
for all links/modes: Is 
minimum passenger 
number achieved?
find new solution, either 
by downgrading, or using 
a-priori network
has a change been made 
in this iteration?
no
yes
yes
no no
no
yes
yes
yes
endno
S tep 1
S tep 2
S tep 3
S tep 4 S tep 5 S tep 6
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Switzerland is based on the Integraler Taktfahrplan † Maxwell (1999), which allows for following 
simplifications of the transfer time and its penalisation: 
3.2.1. For mode-internal connections, it is assumed that there is a through service or that the transfer occurs in a 
facility that is designed in such a way that a transfer penalty of 0 may be assumed. 
3.2.2. For mode changes, a flat penalty of 10 minutes is applied, representing waiting and a less convenient 
transfer.  
4. Consolidation of the network into corridors: Nodes are ordered by travel time to ݊଴ so that whenever a 
node´s travel time is updated, all nodes that route through this node are considered after it and thus also receive 
the update. For all nodes, it is checked whether routing the trip via another node that is closer to it than its 
current next node would result in a travel time that is less than the current one plus a pre-set allowed detour 
time. If this is the case, the current node is reconnected accordingly. The same conditions as in 3.2 apply in this 
step. Step 4 is repeated until no more changes are made to the network. 
5. Mode choice and passenger assignment: For each location, traveller group and time interval, mode choice is 
estimated using the specified choice model, determining the share of passengers assigned to public transport. 
6. Link utilisation control and network degradation: For all links, it is evaluated whether the minimum 
demand to operate the service is reached. If this is not the case, the faster option is chosen out of: 
6.1. The mode on the link is degraded by one level and a new connection point, if necessary, is chosen 
6.2. The base travel time of the unchanged (a-priori present) network, effectively a fall-back to the current 
network. 
The travel time is then recalculated for all affected nodes and steps 5 and 6 are repeated until no changes are made. 
4. Case Study and Findings 
The method is applied to a case study of Zurich Airport, Switzerland. The airport is ca. 7 km north of the city 
centre and served 24.8 million passengers in 2012. It is a major hub for Swiss International Airlines and there are 
flights to major European and overseas destinations. The airport station also functions as public transport 
interchange for the northern Zurich region and handled a total of 24 million boardings and alightings. In addition, 
there is large business and shopping centre present landside, bringing the total number of employees at the airport 
location to ca. 25`000. A more in-depth introduction into the case can be found in Orth, Frei, and Weidmann 
(2015). This preliminary study found that already, a large share of public transport passengers boarding or 
alighting there have no connection to the aeronautical activities and are there to conduct business, go about leisure 
activities in the landside areas that have no connection to the aviation activities or do a public transport transfer. 
Destinations are discretised by statistical community as all the data was available at this level of aggregation. 
There are 1265 communities that see travel to or from Zurich airport. Their location is on file and in addition, 
barriers, e.g. mountain ranges, were specified. Table 1 shows a list of the modes of transport considered.  
     Table 1. Public transport service types. 
Rank Description Service speed 
[km/h] 
Access time1 
[min] 
Service frequency 
[min] 
Capacity of 
smallest unit  
Threshold 
utilization2 
1 Long distance, fast 90 8 60 1150 0.3 
2 Long distance, intermediate 75 8 60 900 0.3 
3 Regional, fast 50 5 30 350 0.2 
4 Accelerated local, high frequency 25 2 7.5 150 0.2 
5 Local low frequency 15 2 15 50 0.2 
6 Regional, slow 30 2 30 50 0.2 
1 Time to reach the vehicle boarding platform at the station. 
2 Load factor as in currently operating services 
                                                                        
 
† The Integraler Taktfahrplan is a scheduling system in which all services operate at the same minute of every hour, or at evenly spaced and 
depart and main stations at the same time, minimising transfer times. 
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The characteristics are not tied to a specific technical manifestation of the service, but a type of operation. E.g. 
Local low frequency represents a service that can be operated with a city bus system of standard buses carrying up 
to 50 passengers. If loads are higher however, the same type of service could also be provided by a tram system 
with larger vehicles. This ensures that a type of service is selected and no preselection of a technical system takes 
place.  
Next, the mode choice model needed to be calibrated and included in the model. A data set was supplied by the 
airport operator that contained survey information of 47´000 individuals. The analyses and model calibration 
showed that six distinct groups of travellers need to be separated: AI employees, AI air travellers, AI other 
(primarily passenger companions), NAI commerce, NAI employee and NAI public transport transfers. Transport 
modes are grouped for the mode choice models as automobile, public transport, taxi and non-motorised transport. 
Due to the relatively small number of choice alternatives and clear distinction, a multinomial logit model was 
selected.  
The base scenario is the 2012 situation with the current public transport service levels. It is compared to 
optimised network cases for 2012 and a 2030 with forecast demand levels. Until 2030, major growth of travel 
volumes will take place due to the addition of a very large commercial and business centre at the airport, but even 
more so as a consequence of increased population in the area. An overview of the iteration process is given for the 
2012 case. The algorithm took 7 iterations with links per service type and iteration as shown in table 2. There are a 
total of 1264 links because all nodes, except the 0-node, are connected to one upstream node. It can be seen that, as 
would be expected, the number of high-ranked links declines and the number of lower-ranked ones increases 
during the degradation process. Some service types do “reappear”, which is due to the consolidation of the network 
yielding sufficient passengers on the respective links. However, they mostly are degraded again (see e.g. iterations 
3-5) after the longer travel time compared to the previous connection is too much for sufficient demand to be 
sustained. The results is a network that consolidates into the type 6 low density service at most destinations, type 1 
services providing the higher quality backbone of the network and type 3 and 4 services providing service to the 
region closer to the airport, where demand is high.  
     Table 2. Links per type and iteration 
Iteration Mode All 
6 5 4 3 2 1 
0 (initial network) 891 1 4 316 26 26 1264 
1 1165 0 7 61 23 8 1264 
2 1211 0 3 40 3 7 1264 
3 1234 0 5 18 0 7 1264 
4 1237 0 3 16 1 7 1264 
5 1240 0 3 14 0 7 1264 
6 1241 0 2 14 0 7 1264 
7 1241 0 2 14 0 7 1264 
Considering the research questions posed for this study, the results are:  
 
1.1 Total demand and public transport mode share with large scale NAI activity being present 
The data in table 3 shows that without the NAI activities, 2012 demand would be 26% less and accordingly 
service reductions would be necessary to sustain utilisation levels. Since that would reduce service quality, it 
would cause further mode shares losses in and thus possibly further reductions in service quality. This underlines 
the importance of network effects and the need for a comprehensive network in public transport planning. The 
potential for improving the network however, is limited as the optimised 2012 case would see only a small gain in 
mode share and passenger numbers. This can mean that the current network is already quite well suited to the 
demand. The future 2030 situation sees strong growth which is driven by additional NAI activity at the airport and 
increased population and commuter numbers in the vicinity of the airport. While public transport mode shares can 
be sustained and slightly increased, absolute ridership increases sharply. In the forecast situation, demand would be 
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38% lower without the NAI developments, leading to an even greater difference between what services can be 
offered and effectively what mode shares can be captured with or without the additional NAI land use.  
     Table 3. Trip numbers total, on public transport and mode share 
  Total Volume PT volume PT share 
2012 only AI 104900 43380 41.3% 
2012 AI + NAI 142160 77690 54.4% 
2012 AI + NAI generated network  142160 78470 55.2% 
2030 AI + NAI generated network 228160 127360 55.8% 
 
1.2. Number of public transport passengers per corridor and viability of new services 
The resulting direct services that can be operated viably are shown in Fig. 2 for the 2012 and 2030 cases. In 
comparison to the current situation, the generated 2012 situation would see the addition of new links of the type 
“regional, fast” south and southeast of the airport – areas that have seen rapid growth in the last decade and already 
are the origin or destination for many trips to the airport. In 2030, several new services become viable, all along the 
main areas of regional population growth. The generated longer distance direct links that are all corridors where 
such services already operate.  
This is encouraging as it shows that the current system is already suited for the demand. New services are 
mainly regional ones serving growth areas, especially considering the 2030 situation. These results are in line with 
what would be expected regarding the developments taking place in the region and the airport location. It can also 
be seen that the 2030 situation has not only additions to the 2012 case, but also partly different corridors. This is 
due to the population growth enabling more differentiated service and a lesser need to consolidate into corridors.  
Fig. 2. New direct high quality services  
2.2 Daily demand distribution  
The analysis of the public transport passenger distributions is shown in Fig. 3. Next to the already discussed 
higher passenger volume, it can be seen that aside from the morning-peak, the AI only case has a different peaking 
behaviour than the NAI one. This indicates that in fact, the superimposition of the different demand types creates a 
situation in which peaks of one distribution meet non-peaks of the other distributions. For a more in depth analysis, 
the standard deviations and coefficients of variation Cv are considered. It can be seen that, compared to the Cv of 
the 2012 AI base situation, the generated networks of 2012 and especially 2030, have higher Cv´s. While this may 
seem as a deterioration, the situation is actually beneficial: The public transport commuter distribution by itself has 
a Cv of 0.75 due to the commuter travel distribution where peak periods see almost 10 times the non-peak demand, 
High quality services, 2012 scenario High quality services, 2030 scenario 
  
Black: direct, already existing service Blue: New service, Red: barriers, Grey: Non-direct services 
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but the resulting values are much lower at 0.46. For the 2030 case, the variation rises, which is expected 
considering the development of the business centre and the consequent increase in the number of commuters. Still, 
the resulting variation and the maximum and minimum hour ratio are much lower than that of the commuter only 
distribution. 
This means that the superimposition of different demand types in this evens out the traditionally volatile 
commuter travel distribution, with the result being much more stable passenger loads.  
 
 
 Avg Pass. per h St. Dev. Coeff. of Var Max/Min 
2012 AI 2290 645.33 0.28 2.11 
2012 AI NAI Total 4100 1544.37 0.38 2.75 
2012 AI NAI generated network 4130 1910.95 0.46 3.52 
2030 AI NAI generated network. 6700 3108.04 0.46 3.53 
1 for the main service period between 05:00 and 22:00 
Fig. 3. Demand distributions 
2.2 Cost recovery for public transport services  
As shown above, the demand variations are much lower for the combined demand cases. Consequently, service 
capacity can be closer matched to demand and cost recovery improved. For this part of the analysis, the load factor 
for public transport services is considered in more detail. Current data shows utilisation for long-distance and 
regional services at 0.30 and 0.20, respectively. For the comparison, two service patterns are considered: One with 
fixed timetables, as is the norm in the study area, and fixed capacity per service and one with fixed timetables but 
adjustable capacity – this can be realised by e.g. varying the number of units in a train service. The service capacity 
is determined so that in both cases, the capacity is never exceeded and the resulting utilisation is shown in table 4. 
     Table 4 Capacity utilisation 
 Unadjusted capacity utilization Adjusted capacity utilization 
 Long-distance services regional services Long-distance services regional services 
2012 AI NAI generated network 0.42 0.40 0.73 0.74 
2030 AI NAI generated network 0.50 0.46 0.67 0.84 
 
As can be seen, the utilisation throughout is much higher than currently observed. This can be attributed to the 
lower variation in demand levels. Even for non-adjusted capacity, the utilisation is 42-130% higher, while the 
adjusted capacity cases deliver a utilisation that is 2-4 times higher. Considering the high fixed cost component for 
public transport, this means that cost recovery could be decisively improved.  
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5. Discussion and Conclusions 
The research studied the effect of increased non-aeronautically induced activity at airport locations on the public 
transport access system. For the assessment, an iterative reduction procedure was developed that generates a public 
transport network and considers demand elasticity in the determination of where to operate which service type.  
The results are that the travel amount generated by NAI activity can be so high that without it, severe service 
reductions would be necessary. With the NAI demand however, service additions become viable, especially for the 
forecast case with NAI activity growth. Considering demand distributions, the AI demand distribution was found 
to even out the otherwise highly variable distribution of commuter-driven NAI demand. Especially considering a 
role of airport locations as public transport hubs, this is an interesting finding for public transport planning, as this 
allows for a facility that can be operated at better utilisation and thus cost recovery. This is also confirmed by the 
analysis of the service utilisation that shows that the utilisation could be much higher than it currently is.  
The procedure does leave out certain aspects that have the potential to affect the outcome: These are (1) long 
term changes in the mode choice behaviour, (2) through passengers that do not alight or board at the airport and (3) 
the fact that other travel not to or from the airport may provide additional passengers especially with increasing 
distance to the airport location. The impact of changes in mode choice behaviour is, barring fundamental changes 
within the mid term, likely small enough, but can change the outcome both positively and negatively. Considering 
the 2nd and 3rd aspect however would only lead to more passengers using the services. This means that an 
inaccuracy would be under- rather than overestimating positive effects for the operators. 
In summary, it has been shown that the co-location of the different functions at the airport location has led to a 
situation that is much more conducive to public transport. Higher ridership levels, more attractive service and 
higher cost recovery can be achieved. It is especially interesting to note that, seemingly, the main benefit is 
actually to public transport operators. For a generalised approach, it will be important to consider the role of the 
airport location for being a landside transfer hub. While Zurich airport seems ideally located with respect to the 
region, further studies will look at cases in which the airport location is different with respect to the nearby 
population centres. 
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